



学校编码：10384                                  分类号       密级          - 
学号：23320091152769                                          UDC         -   









硕 士 学 位 论 文 
 
 
基于 Chirp 信号的中程水声通信系统 
关键技术研究与实现 
Research and Implementation of Medium-range 
Underwater Communication System based on Chirp Singal 
陈 冰 冰  
    指 导 教 师 ：胡晓毅 教授  
      专 业 名 称 ：电子与通信工程 
 论文提交日期 ：2012 年 6 月 
 论文答辩日期 ：2012 年 6 月 
 学位授予日期 ：2012 年   月 
 
答辩委员会主席： 











































































































































本文研究了一种适用于中程水声通信的 Chirp 扩频技术（CSS），CSS 技术具
有优异的抗噪声和抗多径特性。为了在保证系统可靠性的同时，提高 CSS 水声
通信系统的信息传输速率，本文着重研究了 CSS 的高阶调制解调技术和被动时
间反转镜技术在 CSS 系统中的应用。构建了基于被动时间反转镜技术的 CSS 水
声通信系统，并在厦门大学实验水池以及厦门港附近海域进行了海试实验，结果
表明, 该技术在频段（10~15Khz）可以实现距离 6km、信息传输速率 250bps 的
可靠传输。 
论文的主要工作如下： 
1. 系统的介绍了国内外 Chirp 扩频技术的研究概况，分析了水声信道的主要特
点及其对水声通信性能的影响； 
2. 针对 CSS 系统低速率的问题，对 Chirp 系统的高阶调制技术进行了研究，提
出了基于多载波技术的 CSS 调制技术。该技术在提高频带利用率的同时，又
不增加系统实现复杂度，并能有效的抵抗水声信道的频率选择性衰落； 











































The ability to communicate effectively underwater has numerous applications for marine 
researchers, source developments and marine monitor organizations. Underwater acoustic 
communication technology is an important part of the contemporary high-tech maritimeprojectand 
is eager to be developed. Underwater acoustic (UWA) channel has been a very complicated 
time-space-frequency varying channel, due to the unique channel characteristics of complexity, 
high variability,extensive multipath and limited bandwidth. With respect to medium-rangeUWA 
communications, the low signal to noise ratio (SNR) of the receiving end, which is caused by 
transmission loss, lead to an increasingly need of a reliable information transmission technology 
which can guarantee a certain data rate under the environment of low SNR and high multipath 
spread. 
This paper studies the Chirp spread spectrum (CSS)technology for the medium-range 
underwater acoustic communication, CSS technology has excellent features of anti-noise and 
anti-multipath. In order to ensure the reliability as well as improve thedata rateofCSS UWA 
communication system, this paper focuses on the application of high order modulation and 
demodulation techniques and passive time reversal mirrortechniques in CSS system. Based on 
passive time reversal mirror technology, we designed the UWA communication system which has 
been tested in experimental pond watersof Xiamen University and the shallow water near Xiamen 
Port, the sea trial results show that the proposed technology can achieve a reliable transmission 
with the data rate of 250bps over a distance of 6km. 
The main works of this paper are as follows: 
1. The systematic introduction to the current research of CSS technology both at home and 
abroad, and analysis of the main characteristics of the UWA channel and its impact on the 
performance of UWA communication; 
2. For the low rate of the CSS system,CSS modulation technique based on multi-carrier 
technology is proposed. This technology improves the bandwidth efficiencywithout 
increasing the system complexity, and can effectively resist frequency selective fading of the 
underwater acoustic channel as well; 
3. Discussion of the application of fractional Fourier transform in the CSS system, and 
compared it with the sliding correlation detection; 
4. In-depth study of a self-adaptive anti-multipath technology - passive time reversal mirror 
technique and its applications for the extensive multipath in UWA channel. Simulation and 
experimental results show that the passive time reversal mirror can effectively recombine the 
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5. Test had been taken in the experimental pond watersof Xiamen University and the shallow 
water near Xiamen Port, the results show that the CSS system based on passive time reversal 
mirror technology has a strong anti-inter-symbol interference capability, suitable for 
medium-range underwater acoustic communication; 
6. On the basis of the works above, our laboratory developed the DSP underwater acoustic 
communication prototype, realized the modulation and demodulation of the CSS system on 
DSP platform. The prototype was tested in Xiamen Wuyuan Bay and achieved good test 
results 
Keywords: medium-range underwater acoustic communication; the Chirp spread spectrum 
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